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Abstract 
In this paper, a heat pump air conditioning system coupling with the battery cooling system is proposed for the 
thermal management of electric cars. Based on the ambient temperature and working conditions, the heat generated 
from the battery is applied to preheat the mixed air on heating mode, to reheat the cold air on cooling mode, and to 
exhaust to the refrigeration system; as well as to dissipate to the outside air directly. A numerical simulation has been 
carried out to analyse the performance of the coupling system. The results show that the compressor configuration of 
coupling system can be kept the same as the sole heat pump system when battery heat is less than 800W under the 
given condition. The longer on-road time takes much more energy for the air conditioning, especially under the 
hostile ambient temperature condition.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Electric vehicles (EVs), as an effective alternative solution to alleviate the environmental problem 
caused by automobile exhaust, has become an important development orientation of vehicles. But the 
limitation of battery capacity and its service life are still the dominating barriers for their development. 
The temperature of the battery has great impact on its performance and service life[1].To solve the 
overheating problems, there are several strategies presented, such as air cooling, liquid cooling and phase 
change material (PCM) cooling. It is worth mentioning that the application of heat pipe has become a 
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novel idea on the battery cooling recently [2]. However, the ideal coolant temperature of heat pipe cooling 
is usually in the range of 20-25ć. How to reject this low grade heat efficiently is still being studied. In 
addition, heat pump system with motor-driven compressor has been the most popular air conditioning 
system for EV since it was first commercially utilized for EVs in the 1990s [3]. The advantage of such air 
conditioning system is that it has less impact on the components layout so that the EV can be developed 
from the traditional vehicles conveniently. But the challenge is that its energy consumption occupies a big 
portion of the battery capacity, especially when it heats the air directly from an electric heater. Therefore, 
utilizing various heat sources is a potential way to minimize energy consumption of heat pump system. 
In this paper, the heat pump system which couples with heat pipe battery cooling system is presented 
and a comprehensive study on thermal management system will be performed in terms of making the 
battery operate within a suitable temperature range and reducing the energy consumption of air 
conditioning system.  
2. System description 
Fig.1 shows the diagram of the heat pump system coupling with the battery cooling system. The heat 
pump system mainly consists of a variable-frequency compressor, an outside heat exchanger with a fan, a 
liquid vapor separator, two four-way reserving valves (FRV), an evaporator following with an expander 
valve(EXV) for cooling, and a condenser followed by an EXV for heating. The evaporator and condenser 
are installed in the ventilation duct. The battery cooling utilizes ethylene glycol as the coolant to cool the 
heat pipe. The coolant carries heat to three different heat exchangers controlled by a four-way solenoid 
valve. When the heat pump system is off duty, the battery heat will be dissipated through the heat 
exchanger installed in front of the car head to make use of the natural cooling source. When the heat 
pump is on heating mode, the battery heat is dissipated via the heat exchanger inside of the air duct to 
preheat the mix air and save the heat pump energy cost. When the heat pump is on cooling mode, the 
dissipating way of the battery heat depends on the heat quantity. When the discharge heat is close to the 
rating value, the battery heat is dissipated to reheat the cooled mix air to improve the comfortability of air 
conditioning. When the discharge heat is too large and the supply air temperature exceeds the set value, 
the battery heat will be dissipated by the heat exchanger between the FRV and the liquid vapor separator 
in the refrigeration system.  
Fig. 1.Diagram of the coupling heat pump system                             Fig. 2.Flow chart of the simulation process 
The simulation model of this coupling system based on Matlab is established (Fig. 2). A regular five-
chair electric car with a 16.5kWh lithium-ion battery group is considered as the design object. The 
refrigerant is R134a. On cooling mode, the rated cooling ambient temperature tacr is 35ć, rated in-car 
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temperature ticr is 27ć, rated condensing temperature tccr is 63ć, subcooling temperature is tsccr 0ć, 
rated evaporating temperature tecr is -1ć and superheating temperature tsecr is 10ć. On heating mode, the 
rated heating ambient temperature tahr is -10ć, rated in-car temperature tihr is 20ć, rated condensing 
temperature tchr is 55ć, subcooling temperature tschr is 3ć, rated evaporating temperature tehr is -15ć
and superheating temperature tsehr is 2ć. According to practical drive situation, the average discharge rate, 
indicates the discharge conditions of the battery, is about 0.2C-1.0C and the corresponding heat is 
approximately 350W, 550W, 850W at 0.3C, 0.6C and 0.8C respectively [4].  
3. Result and analysis 
The simulated results are conducted on the vapor compression refrigeration cycle with 80% isentropic 
efficiencies, neglecting the heat loss of heat exchanger.  
Fig.3 shows the curves of the theoretical refrigerant volume flow rate which changes with the average 
battery dissipation heat under the rated air conditioning working conditions. When the battery dissipation 
heat is not coupled with the heat pump system, the suction volume rate on heating mode is higher than 
that during the cooling mode. As the battery dissipation heat is taken into the heat pump system, both 
cooling load and heating load change. The refrigerant volume flow rate increases with increasing average 
battery dissipation heat on cooling mode and decreases on heating mode. The cross point, as the average 
battery dissipation heat is about 350W, is the condition for the lowest design refrigerant flow rate for the 
compressor configuration. It is notable that the compressor capacity of the coupling system is smaller 
than that of the sole heat pump system because the average battery dissipation heat is roughly less than 
800W. When the battery heat exceeds this value, the compressor capacity should be larger to meet the 
increased cooling load. 
              
Fig. 3 Refrigerant suction volume flow rate vs. average battery heat         Fig. 4 Compression work vs. the ambient temperature 
Fig.4 shows the compression work which changes with different ambient temperature of the coupling 
system under different battery dissipation heat. The compression work decreases on heating mode and 
increases on cooling mode with increasing ambient temperature. The more battery dissipation heat is, the 
lower the compression work is during heating mode and vice versa on cooling mode. Fig.5 shows the 
energy saving rate cscccses PPPR /)( −= of the coupling system with different battery heat loads under different 
ambient temperatures, here Pcc is the energy consumption of the coupling system and Pcs is that of the sole 
heat pump system. The saved energy on heating mode increases with the increasing ambient temperature. 
The energy saving rate under three different battery dissipation heat conditions is 3%, 7%, 13% 
respectively and is -7%, -12%, -18% respectively at the rated working conditions. Indeed, more energy 
can be saved on heating mode and be consumed on cooling mode. The ratio of the air conditioning on-
road energy consumption to the total battery capacity bcec PPR /=  under different battery discharge modes 
is analyzed as shown in Fig. 6.  It is predicted that on heating mode, the energy consumption of the air 
conditioning occupies about 36.3% of the total battery capacity at 0.3C discharge rate and 13.8% at 0.8C 
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discharge rate under the rated ambient temperature. Lower ambient temperature will result in higher 
energy consumption for heating. On cooling mode, the energy consumption of the air conditioning 
occupies about 42.5% of the total battery capacity on 0.3C discharge rate and 18.8% on 0.8C discharge 
rate under the rated ambient temperature. Because the on-road time under low average battery discharge 
rate is longer than that under high discharge rate, the total energy consumption for cooling under low
discharge rate is higher than that under high discharge rate, although the rate of compression works under 
low discharge rate is lower than that under high discharge rate. 
      
                  Fig. 5 Energy saving rate vs. ambient temperature         Fig. 6 Energy consumption rate vs. ambient temperature 
4.   Conclusion 
To deal with the battery heat-dissipation problem of EVs, a heat pump system which couples with the 
battery cooling system is presented in this paper. The battery dissipation heat is not only a useful heat 
source for the heat pump air conditioning system, but also an additional cooling load since the ambient 
temperature is too high to dissipate the battery heat to the ambient air directly. The compressor suction 
volume flow rate of the coupling system is smaller than that of the sole heat pump system. The adjunction 
of the battery heat is in favor of the compressor configuration if the average battery dissipation heat is less 
than 800W. Because of the added heat from battery system, more energy can be saved on heating but 
more energy will be consumed on cooling. Although lower discharge rate produces less battery heat, 
longer on-road time will take much more energy. The air conditioning on-road energy consumption 
occupies a very large proportion of the total battery capacity, especially under hostile ambient temperature 
condition. In order to improve the energy usage ratio of the EV battery, it is essential to reduce the energy 
consumption of the air conditioning system.   
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